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0 Antiherpetic agents. 



© A series of carboxyl-containing N-alkyldipeptides 
have been found to possess antiviral potency - spe- 
cifically against herpes simplex virus - by selectively 
inhibiting the viral ribonucleotide reductase enzyme. 
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NOVEL ANT1HERPETIC AGENTS 



BACKGROUND OF THE INVENTION 

Herpes simplex viruses (HSV) cause a wide 
spectrum of diseases ranging from mild to severe 
mucosal lesions, keratitis, and encephalitis. Both 
HSV types 1 and 2 are widely distributed in the 
western adult population, with reported exposure 
rates to HSV-1 estimated to be as high as 90%. 
The recent and rapid increase in the number of 
genital HSV infections is reflected by serology 
studies which indicate that 15-35% of the North 
American adult population have been exposed to 
HSV 2. 

The major effort to develop antiherpetic drugs 
has historically centered on nucleoside analog in- 
hibitors of HSV DNA polymerase. All currently used 
therapies are nucleoside analogs, acyclovir being 
the prime example. Oral or IV acyclovir is the 
therapy of choice for most infections. Topical ac- 
yclovir, vidarabine or idoxuridine are all used for 
herpes keratitis, the leading cause of corneal blind- 
ness in this country. However, considering the 
complex replication cycle and large number of 
vi rally encoded proteins, other potential targets for 
antiviral drugs must exist. HSV ribonucleotide re- 
ductase (RR) is one such target; the viral-specified 
enzyme is markedly different from mammalian 
counterparts. HSV-RR catalyzes the reduction of 
the four ribonucleotides to the corresponding deox- 
yribonucleotides required for DNA replication. Pub- 
lished analysis of viral RR mutants indicated that 
the enzyme is not essential for growth of herpes in 
culture (Goldstein and Weller, Virology 166 : 41 

(1988) ), but is essential in vivo (Spector, Phar- 
maceutical Therapy , 31 , 2*95 (1985)). Herpes RR 
inhibitors have been shown to possess antiherpetic 
activity per se (Shipman et al Antiviral Research , 
6 : 197 "(1986)) and also lo potentiate or synergize 
the action of acyclonucleoside antiviral agents 
(Spector et al Proc. of the Nat. Acad, of Sci. , 

(1989) ). 

Dutia et al Nature 321 : 439-441 (1986) and 
Cohen et ar.,~~Nature 321 7441-443 (1986) and U.S. 
Patent No. 4,795,740, both disclosed that the non- 
apeptide Tyr Ala Gly Ala Val Val Asn Asp Leu, 
inhibited in vitro the activity of this enzyme. In 
addition Dutia et al ., op . cit also disclosed that 
its 8-desalanine" homoiog, tyr Gly Ala Val Val Asn 
Asp Leu, also inhibited in vitro the activity of this 
enzyme. Gaudreau et al T7 J. Biol. Chemistry, 262 : 
12413 (1987) disclosecTstructure activity studies of 
analogs of the nonapeptide described above. 

OBJECT OF THE INVENTION 



It is the object of the present invention to 
describe novel dipeptides which inhibit the activity 
of the ribonucleotide reductase enzyme of viruses, 
particularly the herpes simplex virus. Another ob- 
5 ject is to describe inhibitor peptides that lack or 
show weak inhibitory activity for mammalian 
ribonucleotide reductases. 



10 SUMMARY OF INVENTION 

A series of carboxyl-containing N-alkyl dipep- 
tides have been found to inhibit the activity of the 
ribonucleotide reductase enzyme of herpes simplex 
?5 virus in vitro . 

The present invention provides novel dipeptide 
compounds of the formula: 



20 




25 

wherein: 

AAi is histidine, aspartic acid or any of the enan- 
tiomorphic forms thereof; 
. R 1 is: 
30 a) hydrogen; 

b) C 2 -C 6 alkenyl; 

c) C 2 -C 6 alkynyl; 

d) C3-C7 cycioalkyl; 

e) C5-C7 cycloalkenyl; 
35 f) phenyl; 

g) monocyclic heteroaromatic ring system; 

h) aromatic or heteroaromatic polycyclic ring 
system; 

i) Ci-C € alky I: 

40 j) a group f)-i) above monosubstituted by: 

OH, OMe, NH 2 , SMe. C,- 4 alky I, C0 2 H, or 
CN; 

k) C1-C4 alkyl monosubstituted by b)-j) 
above; 

45 R 2 and R 3 are independently: 

I) C 2 -Cs alkenyl; 

m) C 2 -C$ alkynyl; 

n) C3-C7 cycioalkyl; 

0) C5-C7 cycloalkenyl; 
50 p) phenyl; 

q) monocyclic heteroaromatic ring system; 

r) heteroaromatic polycyclic ring system; 

s) Ci-C 6 alkyl; 

t) a group p)-s) above monosubstituted by: 
OH, OMe, NH 2 . SMe. C1-* alkyl. C0 2 H, or 
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CN; 

u) Ci-C* alky I monosubstituted by l)-t) above; 
v) hydrogen; 

w) R 2 and R 3 combined to form a C 3 -C s 
diradical; 

R 4 is: H, C 3 -C 7 cycloalkyl, C-C e alkyl or Ci-C* 
alkyl substituted by one of these substituents; 
R 5 is: -C0 2 R\ -P0 3 R\ CH 2 C0 2 R 4 . 
CONHCH 2 C0 2 H, or -C0NH 2 ; 
R 6 is: H, CH 3 or 

R 1 and R 6 are combined to form a C 2 -C4 alkyl 
diradical; n is 1 or 0; 

and the pharmaceutical^ acceptable salts there- 
of. 

The terms "alkyl, aikenyl and alkynyl" are in- 
tended to include linear and branched structures. 

The term "alkyl\ is intended to include methyl, 
ethyl, propyl, isopropyl, butyl, sec- and tert-butyl, 
pentyl, hexyl and the like. 

The term "aikenyl" is intended to include vinyl, 
allyl, isopropenyl, pentenyl, hexenyl and the like. 

The term "alkynyl" is intended to include 
acetylene, propylene, butylene and the like. 

The term "cycloalkyl" is intended to include 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
cycloheptyl and the like. 

The term "cycloalkenyl" is intended to include 
cyclopentenyl, cyclohexenyl, cycloheptenyl and the 
like. 

The term "heteroaromatic polycyclic ring sys- 
tem" is intended to include quinoline, isoquinoline, 
indole, benzofuran, benzothiophene and the like. 

The term "aromatic polycyclic ring system" is 
intended to include napthalene, phenanthrene and 
the like. 

The term "monocyclic heteroaromatic ring sys- 
tem" is intended to include pyridine, thiophene, 
thiazole, furan, imidazole, pyrimidine and the like. 

Some of the compounds described herein con- 
tain one or more centers of asymmetry and may 
thus give rise to diastereoisomers and optical iso- 
mers. 

The present invention is meant to comprehend 
such possible diastereomers as well as their 
racemic and resolved optically active forms. 

Some of the compounds described herein con- 
tain olefinic double bonds and unless specified 
otherwise, are meant to include both E and Z 
geometric isomers. 

Preferably . AA1 is histidine or the enantiomor- 
phic form thereof. 

Preferably R 1 is selected from the group: H, 
CH 3 , CH 2 CH(CH 3 ) 2 . 

Preferably R 2 and R 3 are independently 

a) hydrogen; 

b) phenyl; 

c) monocyclic heteroaromatic ring system; 

d) heteroaromatic polyclyclic ring system; 



e) Ci-Cg alkyl; 

f) a group b)-e) above monosubstituted by: 
OH, OMe, NH 2 , SMe. C1-4 alkyl, C0 2 H, or 
CN; 

5 g) C1-C4 alkyl monosubstituted by b)"-f) 

above. 
Preferably R 4 is H. 
Preferably R 5 is C0 2 R 4 or P0 3 R 4 . 
Preferably R 6 is X or R 6 and R 1 are combined 
10 to form a C 2 -C4 alkyl diradical. 

When R 1 is hydrogen. Ci-Cc alkyl or substi- 
tuted or unsubstiluted phenyl C1-C4 alkyl, the most 
preferred R 2 is substituted or unsubstituted phenyl 
Ci -C4 alkyl or hydrogen. 
75 One aspect of this invention involves a phar- 

maceutical composition comprising an antiherpes 
virally effective amount of a compound of Formula 
I, or a therapeutically acceptable salt thereof, and a 
pharmaceutical^ or veterinarily acceptable carrier. 
20 Another aspect of this invention involves a 
method of treating herpes viral infection in a mam- 
mal by administering, either topically, parenterally 
or systemically, to the mammal an antiherpes viral- 
ly effective amount of the peptide of Formula I, or a 
25 therapeutically acceptable salt thereof as defined 
hereinafter. 

Another aspect of this invention involves a 
method of treating viral infections in mammals 
comprising administering to the mammal an an- 

30 ti virally effective amount of the peptide of Formula I 
with another antiviral agent whose mechanism of 
action involves specifically an enzyme of nucleic 
acid metabolism, such as an acyclonucleoside or 
related compounds. Potent synergy has been dem- 

35 onstrated for such combination 

Processes for preparing the peptides of For- 
mula I are described hereinafter. 



40 DETAILED DESCRIPTION OF THE INVENTION 

It has now been found that a series of 
carboxyl-containing N-alkyl and substituted alkyl 
dipeptides inhibit the activity of the ribonucleotide 

45 reductase enzyme of herpes simplex virus in in 
vitro . This inhibitory activity has been shown in 
vitro to be specific for the virus and does not affect 
mammalian reductase enzymes. This enzyme is 
required for replication of the herpes simplex virus. 

50 The dipeptides of the present invention and the 
amides and salts thereof can be manufactured ac- 
cording to known synthetic methods, i.e., by con- 
densing suitably activated amino acids. The N-alkyl 
side chain can then be attached to the dipeptide 

55 unit according to known synthetic methods, i.e., by 
condensing the dipeptide unit with a suitably sub- 
stituted alkyl keto acid and subsequent reduction of 
the imine with sodium cyanoborohydride or by the 
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reaction of the dipeptide unit with a suitably substi- 
tuted a-halo carboxylic acid or ester in the pres- 
ence of an organic base. Similarly, the N-substitu- 
ent may be incorporated before the condensation 
between the two amino ado's. 

The condensation between two amino acids 
can be carried out according to the usual con- 
densation methods such as azide method, mixed 
acid anhydride method, DCC 

(dicyclohexylcarbodiimide) method, active ester 
method (p-nitrophenyl ester method, N-hydrox- 
ysuccinimide ester method, cyanomethyl ester 
method; etc.), Woodward reagent K method, car- 
bonyl diimidazole method, oxidation reduction 
method or a method using any of the 
condensation-enhancing reagents (i.e. benzotriazol- 
1 -yloxy-tris(dimethy lamino) phosphonium hex- 
afluorophosphate (BOP) or hydroxy benzotriazole 
(HOBT). These condensation reactions may be 
done in the liquid phase. 

As is usual in peptide synthesis, it is necessary 
to protect/deprotect the a and 1-side chain as oc- 
casion demands. The applicable protective groups 
to amino groups are exemplified such as benzylox- 
ycarbonyl (hereinafter abbreviated as Z), o- 
chiorobenzyloxycarbonyl [Z(2-CI)], p-nitrobenzylox- 
ycarbonyl [Z(N02)J, p-methoxybenzyloxycarbonyi 
[Z(OMe)], t-butoxycarbonyl (Boc), t-amyloxycar- 
bonyl (Aoc), isobornyloxycarbonyl, adamantylox- 
ycarbonyl, 2-(4-biphenyl)-2-propyloxycarbonyl 
(Bpoc), 9-fluorenylmethoxycarbonyl (Fmoc), 
methylsutfonylethoxycarbonyl (Msc), trrfluoroacetyl, 
phthalyl, formyl, 2-nitrophenylsulfenyl (NPS), 
diphenylphosphinothioyl (Ppt), dimethyl- 
phosphinothioyl (Mpt) and the like. 

As protective groups for carboxy group there 
can be exemplified, for example, benzyl ester 
(OBzl), 4-nitrobenzyl ester [OBzl(N0 2 )], t-butyl es- 
ter (OBut), 4-pyridylmethyl ester (Opic), and the 
like. It is desirable that specific amino acids such 
as arginine, cysteine, and serine possessing a 
functional group other than amino and carboxyl 
groups are protected by a suitable protective group 
as occasion demands. For example, the guanidino 
group in arginine may be protected with nitro, p- 
toluenesulfonyl, benzyloxycarbonyl, adamantylox- 
ycarbonyl, p-methoxybenzenesulfonyl, 4-methoxy- 
2, 6-dimethylbenzenesulfonyl (Mds), 1 ,3,5,- 
trimethylphenylsulfonyl (Mts), and the like. The 
thiol group in cysteine may be protected with ben- 
zyl, p-methoxybenzyl, triphenylmethyl, ac- 
etylaminomethyl, ethylcarbamoyl, 4-methylbenzyl, 
2,4,6-trimethylbenzyl (Tmb) etc., and the hydroxyl 
group in serine can be protected with benzyl, t- 
butyl, acetyl, tetrahydropyranyl etc. 

Conventional methods of peptide synthesis as 
described, for example, by Schroder et al ., "The 
Peptides", Vol. I Academic Press, 1965^ or Bodan- 



szky et al "Peptide Synthesis", Interscience Pub- 
lishersT T966 or McOmie (ed.), "Protective Groups 
in Organic Chemistry", Plenum Press, 1973, or 
"The Peptides: Analysis Synthesis, Biology", 2 

5 Chapter 1, by Barany et al ., Academic PressT 
1980, the disclosures of which are hereby incor- 
porated by reference. 

The compounds of the instant invention are 
novel valuable antiherpetic agents. Since the mode 

w of pharmacological action of the compounds of the 
present invention differs from previously known an- 
tiherpetic agents the safety liabilities associated 
with previous antiherpetic agents may not be mani- 
fested. 

75 Therapeuticaliy-acceptable salts are prepared 

by recrystallization of the desired cytosine, uracil, 
or thymine derivative as the free base or as the 
acetate or hydrochloride from the aqueous dilute 
acid of choice. Alkali metal salts of thymine and 

20 uracil derivatives may be made by standard tech- 
niques, for example, by dissolving such derivatives 
in water containing one equivalent of an alkali metal 
hydroxide, followed by evaporation to dryness. 
Additionally, the compounds of the instant in- 

25 vention may be used therapeutically in combination 
with antiviral acyclonucleosides such as acyclovir 
or ganciclovir. The compounds of the instant inven- 
tion are known to be potent synergists of such 
antiviral agents. 

30 In an aspect of the invention there is provided 
a pharmaceutical composition or preparation com- 
prising a compound of the Formula I as herein- 
before defined; or a therapeutically acceptable salt 
thereof, together with a pharmaceutically accept- 

35 able carrier therefore. In a particular aspect the 
pharmaceutical composition comprises a com- 
pound of the present invention in effective unit 
dosage form. 

As used herein the term "effective unit dos- 

40 age" or "effective unit dose" is denoted to mean a 
predetermined antiviral amount sufficient to be ef- 
fective against the viral organisms in vivo . 
Pharmaceutically-acceptable carriers are~materials 
useful for the purpose of administering the medica- 
ls ment. and may be solid, liquid, or gaseous materi- 
als, which are otherwise inert and medically ac- 
ceptable and are compatible with the active ingre- 
dients. 

These pharmaceutical compositions may be 
so given parenterally, orally, used as a suppository or 
pessary, applied topically as an ointment, cream, 
aerosol, powder, or given as eye or nose drops, 
etc., depending on whether the preparation is used 
to treat internal or external viral infections. 
55 For internal infections the compositions are ad- 

ministered orally or parenterally at dose levels of 
about 0.1 to 250mg per kg, preferably 1.0 to 50mg 
per kg of mammal body weight, and are used in 
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man in a unit dosage form, administered, e.g. a few 
times daily, in the amount of 1 to 250mg per unit 
dose. 

For oral administration, fine powders or gran- 
ules may contain diluting, dispersing and/or surface 
active agents, and may be presented in a draught, 
in water or in a syrup; in capsules or sachets in the 
dry state or in a non-aqueous solution or suspen- 
sion, wherein suspending agents may be included; 
in tablets, wherein binders and lubricants may be 
included; or in a suspension in water or a syrup. 
Where desirable or necessary, flavoring, preserv- 
ing, suspending, thickening, or emulsifying agents 
may be included. Tablets and granules are pre- 
ferred, and these may be coated. 

For parenteral administration or for administra- 
tion as drops, as for eye infections, the compounds 
may be presented in aqueous solution in a con- 
centration of from about 0.1 to 10%, more prefer- 
ably 0.1 to 7%, most preferably 0.2%w/v. The 
solution may contain antioxidants, buffers, etc. 

Alternatively, for infections of the eye, or other 
external tissues, e.g. mouth and skin, the composi- 
tions are preferably applied to the infected part of 
the body of the patient as a topical ointment or 
cream. The compound may be presented in an 
ointment, for instance, with a water soluble oint- 
ment base, or in a cream, for instance with an oil in 
a water cream base, in a concentration of from 
about 0.1 to 10%, preferably 0.1 to 7%, most 
preferably 1%w/v. 

The following examples illustrate the present 
invention without, however, limiting the same there- 
to. All temperatures are expressed in degrees Cel- 
sius. 



EXAMPLE 1 



(N a -Carboxymethyl-L-histidyl)-L-leucine 

Step A: (NM-Butoxycarbonyl-N im -2,4-dinitrophenyl- 
L histidyl)-L-leucine benzyl ester 

A mixture of 1 .32g of N a -t-butoxycarbonyl-N lm - 
2,4-dinitrophenyl-L-histidine, 663mg of L -leucine 
benzyl ester, 639mg of N,N-dicyclohexyl car- 
bodiimide. and 944mg of 1 -hydroxy benzotriazole in 
10ml of anhydrous CH2CI2 was stirred for 41 hours 
at ambient temperature. The reaction mixture was 
then filtered and the filtrate was concentrated under 
vacuum. The concentration residue was dissolved 
in EizO and the mixture again filtered and con- 
centrated under vacuum to give an orange gum. 

Chromatography over silica gel (97 methylene 



chloride: 3 methanol) provided 1.06g of the title 
compound as a stiff yellow foam. 

5 Step B: (N q -Carboxymethyl-N im -2 ) 4-dinitrophenyi-L- 
histidyl)-l_-leucine dibenzyl ester — " 

The dipeptide (1 .00g) (Step A) was dissolved in 
4ml of anhydrous trifluoroacetic acid and the reac- 

70 tion mixture was stirred at ambient temperature 
under an inert atmosphere for 2 hours. The reac- 
tion solution was then evaporated under a stream 
of nitrogen and the residue dissolved in ethanol. 
The etnanolic solution was evaporated under a 

75 stream of nitrogen and the residue dissolved in 
ethyl acetate. The solution was washed twice with 
saturated aqueous sodium carbonate solution. The 
organic phase was dried with sodium sulfate, fil- 
tered and concentrated under vacuum to give 

20 840mg of a brownish foam. 

This foam was dissolved in 5ml of anhydrous 
tetrahydrofuran and 223ml of triethy (amine was ad- 
ded to the solution. A solution of 301ml of benzyl 
bromoacetate in 2ml of anhydrous tetrahydrofuran 

25 was added dropwise to the stirring solution. After 
the addition was complete, the reaction flask was 
stoppered and the reaction stirred at ambient tem- 
perature for 16 hours. The reaction was now a 
slurry. Triethylamine (55.6ml) was added and the 

30 reaction mixture stirred at ambient temperature for 
24 hours. The mixture was then diluted with ethyl 
acetate and filtered. The solid was rinsed with ethyl 
acetate and the filtrate and rinses combined and 
concentrated under vacuum. The dark red-orange 

35 residue was dissolved in ethyl acetate and the 
solution washed twice with 20ml of saturated aque- 
ous ammonium chloride solution. The organic 
phase was then washed with saturated aqueous 
sodium carbonate solution and then dried with sr> 

40 dium sulfate, filtered and the filtrate concentrated 
under vacuum to give 1 .28g of a dark red-orange 
oil. 

Chromatography on silica gel (gradient 0%-6% 
v/v i-propyl alcohol in methylene chloride) provided 
45 660mg of the title compound as an orange glass. 

Step C: (N a -Carboxymethyl-L-histidyi)-L-leucine 
dibenzyTester 

50 

Thiophenol (102:5ml) was added to a solution 
of 606mg of the dibenzyl ester (Step B) in 4ml of 
methylene chloride. The reaction solution was 
stirred at ambient temperature for 6 hours and then 
55 diluted with 30ml of ethyl ether. The solution was 
washed three times with 20mi of saturated aqueous 
sodium carbonate solution. The organic phase was 
dried over sodium sulfate, filtered and concentrated 
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under vacuum to give an orange semisolid. 

Chromatography over silica gel (gradient 97 
methylene chloride:3 methanol:0.3 concentrated 
ammonium hydroxide to 95:5:0.5 of same) provided 
353mg of the title compound as a golden gum. 

Step D: (N a -Carboxymethyl-L-histidyl)-L-leucine 

A solution of 304mg of the dibenzyl ester (Step 
C) in 10ml of glacial acetic acid was added to a 
suspension of 50mg of 10% palladium on carbon in 
5ml of distilled water. The mixture was shaken 
under a 36.2psig hydrogen atmosphere for 1.5 
hours. The mixture was filtered through Celite and 
the filter rinsed with distilled water. The filtrate and 
rinse were combined and concentrated under vacu- 
um to a yellow gum. The gum was treated with hot 
acetone and the resulting solid collected, washed 
with acetone and dried under vacuum at 50% to 
provide 189mg of the title compound as a yellow 
powder. 

p.m.r. (DMSO-de) 5:0.83 (d, 3H), 0.87 (d, 3H), 1.3- 
1.65 (m, 3H), 2.72 (dd, 1H), 2.86 (dd, 1H), 3.10 (d, 
1H). 3.28 (d, 1H), 3.39 (m, 1H), 4.23 (m, 1H), 6.89 
(s, 1H), 7.63 (s t 1H). 8.16 ppm (d, 1H); M.S. (FAB): 
m/e327 (M + H)\ 



EXAMPLE 2 



(Na-Carboxymethyl-D-histidyl)-L-feucine 

Using the procedures of Example 1 (Steps A-D) 
but substituting N a -t-butoxycarbony!-N lm -2,4- 
dinitrophenyl-D-histidine for the bis-protected L - 
histidine in Example 1 (Step A) provided the title 
compound as a pale yellow powder, 
p.m.r. (DMSO-ds) 5:0.79 (d, 3H), 0.85 (d, 3H), 1.4- 
1.6 |m, 3H), 2.72 (dd, 1H), 2.84 (dd, 1H), 3.13 (d, 
1H), 3.23 (d, 1H), 3.44 (t, 1H), 4.17 (m, 1H), 6.85 (s, 
1H), 7.60 (s, 1H), 8.21 ppm (d, 1H); M.S. (FAB): m / 
e327(M + H)\ 



EXAMPLE 3 



(N g -Carboxymethyl-L-histidyl)-D-leucine 



Step A: (NM-Butoxycarbonyl-N im -2,4-dinitrophenyl- 
L-histid"yl)-D-leucine benzyl ester" ~~ ~~ 

D -Leucine benzyl ester p-toluene sulfonate 



(1.1 8g) was partitioned between 30ml of diethyl 
ether and 15ml of saturated aqueous sodium car- 
bonate solution. The organic phase was dried with 
sodium sulfate, filtered and concentrated under 

5 vacuum to provide 620mg of D-leucine benzyl es- 
ter as a colorless oil. 

The D-leucine benzyl ester (620mg) was dis- 
solved in 10ml of anhydrous methylene chloride 
and 1.23g of NM-butoxycarbonyl-N lm -2,4- 

10 dinitrophenyl-L -histidine, t.24g of benzotriazoM- 
yloxytris(dimethylamino) phosphonium hex- 
afluorophosphate ("BOP reagent") and 390ml of 
triethylamine were added. The reaction solution 
was stirred 40 hours at ambient temperature, then 

*5 the solution was concentrated under vacuum. The 
residual oil was dissolved in 50ml of ethyl acetate 
and the solution washed twice with 25ml of satu- 
rated aqueous ammonium chloride solution. The 
organic phase was washed twice with 30ml of 

20 saturated aqueous sodium bicarbonate solution, 
then dried with magnesium sulfate, filtered and 
concentrated under vacuum to provide an orange 
gum. 

Chromatography over silica gel (gradient 98 
25 methylene chloride:2 isopropyl alcohol to 97:3 of 
the same) provided 1 .29g of the title compound as 
a stiff yellow foam. 

30 Step B: (N q -Carboxymethyl-N im -2 > 4-dinitrophenyl-L- 
histidyl)-D-leucine dibenzyl ester " 

Using the procedure of Example 1 (Step B) but 
substituting the title compound of Example 3 (Step 
35 A) for the dipeptide of Example 1 (Step A) there 
was obtained 359mg of the title compound. 



Step C: (N a -Carboxymethyl-L-histidyl)-D-leucine 
40 dibenzyl ester ~~~ ~ — ~~~ ' — ~— ^ 

Using the procedure of Example 1 (Step C) but 
substituting the title compound of Example 3 (Step 
B) for the dipeptide of Example 1 (Step B) there 
45 was obtained 175rng of the title compound. 



Step D: (N a -Carboxymethyl-L-histidyI)-D-leuctne 

so Using the procedure of Example 1 (Step D) but 

substituting the title compound of Example 3 (Step 
C) for the dibenzyl ester of Example 1 (Step C) 
there was obtained 92mg of the title compound as 
an off-white powder. 

55 p.m.r. (DMSO-de) 5: 0.79 (d, 3H), 0.85 (d, 3H), 1.4- 
1.6 (m, 3H), 2.72 (dd, 1H), 2.84 (dd, 1H), 3.12 (d. 
1H), 3.22 (d, 1H), 3.44 (t, 1H), 4.16 (m, 1H), 6.85 (s, 
1H), 7.60 (s, 1H), 8.23ppm (d, 1H); M.S. (FAB): m / 
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e 327 (M + H)\ 



EXAMPLE 4 



(N°-Carboxymethyl-L-histidyl)gfycine 

Step A: (N a -t-Butoxycarbonyl-N im -2,4 dinitrophenyl- 
L-histidyl)glycine benzyl ester 

Glycine benzyl ester hydrochloride (605mg) 
was partitioned between 15ml of saturated aqueous 
sodium carbonate solution and 30ml of diethyl 
ether. The organic phase was dried over sodium 
sulfate, filtered and concentrated under vacuum to 
provide 507mg of a clear oil. 

The oil above was dissolved in 10ml of 
methylene chloride and 1.32g of N a -t- 
butoxycarbonyl-N im -2,4~dinitrophenyl-L -histidine, 
6l8mg of N.N'-dicyclohexyicarbodiimtde and 
918mg of 1 -hydroxy benzotriazole were added. The 
reaction mixture was stirred at ambient temperature 
for 4 days. The reaction mixture was then filtered 
and the filtrate concentrated under vacuum. The 
residue was dissolved in 30ml of ethyl acetate, 
filtered, then washed twice with 20ml of saturated 
aqueous sodium bicarbonate. The organic phase 
was washed 2 times with saturated aqueous am- 
monium chloride solution, then dried with magne- 
sium sulfate. The mixture was filtered and con- 
centrated under vacuum to provide a yellow foam. 

Chromatography over silica gel (gradient 99 
methylene chloride: 1 isopropyl alcohol to 95:5 
same) provided 1.1 2g of the title compound as an 
oily residue. 

Step B: (N°-Carboxymethyl-N im -2,4-dinitropheriyl-L- 
histidyi)glycine dibenzyl ester 

The glycine benzyl ester (Step A) (700mg) was 
dissolved in 2ml of methylene chloride and 2ml of 
anhydrous trifluoroacetic acid. The solution was 
stirred at ambient temperature for 2 hours under 
nitrogen atmosphere. The solution was then evap- 
orated to dryness under a nitrogen stream. The 
residue was dissolved in 40ml of ethyl acetate and 
this solution washed twice with 30ml of saturated 
sodium carbonate solution. The organic phase was 
dried with sodium sulfate, filtered and concentrated 
under vacuum to a brown foam. 

The crude residue above was dissolved in 5ml 
of anhydrous tetrahydrofuran and 171ml of distilled 
triethylamine was added. Benzyl 2-bromoacetate 
(232ml) was added and the reaction solution was 



stirred under a nitrogen atmosphere for 24 hours. 
The mixture was then concentrated under vacuum 
and the residue taken up in 40ml of ethyl acetate. 
The mixture was filtered and the solid rinsed with 

5 ethyl acetate. The filtrate and rinse were combined 
and washed twice with 20ml of saturated aqueous 
ammonium chloride, then with 20ml of saturated 
aqueous sodium carbonate solution. The organic 
phase was dried with magnesium sulfate, filtered 

w and concentrated under vacuum to provi'de a brown 
gum. 

Chromatography over silica gel (97 methylene 
chloride:3 isopropanol) provided 250mg of the title 
compound as a glass. 

15 

Step C: (N°-Carboxymethyl-L-histidyl)glycine 
dibenzyl ester ™ ~ 

20 To a solution of 240mg of the glycine diester 
(Step B) in 2.5ml of methylene chloride was added 
45ml of thiophenol and the solution stirred in a 
stoppered flask at ambient temperature for 24 
hours. The reaction mixture was diluted with 25ml 

25 of ethyl ether and the solution washed three times 
with 15ml of saturated aqueous sodium carbonate 
solution. The organic phase was dried with magne- 
sium sulfate, filtered and concentrated under vacu- 
um to give 261 mg of a yellow oil. 

30 Chromatography over silica gel (90 methylene 

chloride: 10 methanol:! concentrated aqueous am- 
monium hydroxide) provided 89mg of the title com- 
pounds as a gum. 

35 

Step D: (N a -Carboxymethyl-L-histidyl)glycine 

A solution of 85mg of the glycine dibenzyl 
ester (Step C) in 4ml of glacial acetic acid was 

40 added to a suspension of 18mg of 10% palladium 
on carbon in 2ml water. The mixture was shaken 
under a 41 psi hydrogen atmosphere for 1 .5 hours 
at ambient temperature, then filtered through 
Celite. The filter was rinsed with water and the 

45 filtrate and rinse combined and concentrated under 
vacuum to a glass. The glass was treated with 
acetone and the solid which formed was collected 
and washed with acetone. The solid was dried at 
60 "C under vacuum to provide 32mg of the title 

so compound. 

p.m.r. (D 2 0) 5: 3.5-3.9 (m, 5H), 4.08 (d, 1H), 4.46 
(m, 1H), 7.57 (s, 1H), 8.74ppm (s, 1H); M.S. (FAB): 
m /e 293 (M + Na)\ 

55 

EXAMPLE 5 
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(NM^arboxymethyl-L-aspartyl)-L-leucine 



Step A: (N°-t-Butoxycarbonyl-L-aspartyl)-L-leucine 
di benzyl ester " — _ 



L-Leucine benzyl ester p-tosylate (1.30g) was 
partitioned between 30ml of saturated aqueous so- 
dium carbonate and 50ml of diethylether. The or- 
ganic phase was dried with magnesium sulfate, 
filtered and concentrated under vacuum to provide 
an oil. 

The residual oil was dissolved in 10ml anhy- 
drous nethylene chloride and 1.26g of NM- 
butoxycarbonyl-L -aspartic-0-benzyl-a-N4iydrox- 
ysuccinimide diester was added. The reaction solu- 
tion was stirred at ambient temperature for 48 
hours, then concentrated under vacuum to an oil. 
The residual oil was dissolved in 50ml of ethyl 
acetate and the solution washed twice with satu- 
rated aqueous sodium bicarbonate solution. The 
organic phase was washed twice with saturated 
aqueous ammonium chloride solution, then dried 
with magnesium sulfate, filtered and concentrated 
under vacuum to provide a clear oil. 

Chromatography over silica gel (99 chloro- 
form^ methanol) provided 1.49g of the title com- 
pound as a clear oil. 



Step B: (N g -Carboxymethyl-L-aspartyl)-L-leucine 
tri benzyl ester ~ ~~ ■ — _ — - 

Using the procedure of Example 1 (Step B) but 
substituting the benzyl ester of Example 5 (Step A) 
for the benzyl ester of Example 1 (Step A) there 
was obtained 1.04g of the title compound as a 
yellow oil. 

Step C: N a -Carboxymethyl-L-aspartyl)-L-leucine 

Using the procedure of Example 1 (Step D) but 
substituting the tribenzyl ester of Example 5 (Step 
B) for the dibenzyl ester of Example 1 (Step C) 
provided 70mg of the title compound as a white 
solid, p.m.r. (DMSO-d 6 ) 6:0.84 (d, 3H), 0.89 (d t 3H), 
1.4-1.7 (m, 3H), 2.39 (dd, 1H), 2.53 (dd, 1H), 3.17 
(d, 1H), 3.29 (d, 1H), 3.48 (m, 1H), 4.23 (m, 1H), 
8.26ppm (d, 1H); M.S. (FAB): m / e 305 (M + H)\ 



EXAMPLE 6 



Step A: (N a >t-Butoxycarbonyl-N ?rn -t-butoxy carbonyl- 
L-histidyl)-/3-(2-thienyl)-L-alanine 

A solution of 453mg of N°t-butoxycarbonyl-N lm - 
5 t-butoxycarbonyl-L -histidine succinimidate in 4ml 
of acetonitrile was added to a solution of 172mg of 
£-(2-thienyl)-L-alanine and 168mg of sodium bicar- 
bonate in 4ml of water at ambient temperature. The 
solution was stirred at ambient temperature for 18 
10 hours, then concentrated under vacuum to approxi- 
mately half of its volume. The solution was then 
cooled in an ice bath and made acidic by adding 
2N aqueous hydrochloric acid solution. The white 
solid which separated was collected, washed with 
75 water and dried under vacuum to provide 329mg of 
the title compound. 



Step B: L-Histidyl-)3-(2-thienyl>>L-alanine 

20 

A solution of 250mg of the bis-t-butoxycarbonyl 
dipeptide (Step A) in 2.5ml of trifluoroacetic acid 
was stirred 24 hours at ambient temperature then 
concentrated under vacuum at 60° to provide the 
25 title compound as a clear oil. 

Step C: N-[1-D,L-Carboxy-3-(4-hydroxyphenyl)- 
propyl]-L-histidyl-ff-(2-thienyl)-L-alanine 

30 

A solution of the dipeptide (step B) and 400mg 
of 4-(4-hydroxyphenyl)-2-oxobutanoic acid in 3ml of 
water and 1 ml of ethanol was basified to pH 7.9 
by adding concentrated aqueous sodium hydroxide 

35 solution acid and 200mg of sodium 
cyanoborohydride was added. The mixture was 
stirred at ambient temperature for 96 hours. Dowex 
50w resin was added to the reaction and the mix- 
ture applied to a 10ml Dowex 50 column. The 

40 column was eluted with H 2 0 until the eluent was 
neutral, then with 100ml of 5% v/v ethanol in water. 
The column was then eluted with 3% v/v pyridine 
in water and this eluent concentrated under vacu- 
um at 60* . The residue was dissolved in water and 

45 the solution was freeze dried to provide 152mg of 
the title compound. 

p.m.r.: (DgO) 5:1.26 (t, 1H) t 1.28 (t, 1H), 1.92 (m, 
2H), 2.54 (m, 2H), 3.21 (m, 4H) t 3.69 (m, 1H), 4.44 
(m, 1H), 6.90 (d, 2H), 6.98 (m, 3H), 7.26 (d, 2H), 
50 8.20 (s, 1H), 8.35 (s, 1H), 8.40 ppm (s, 1H); MS 
(FAB): m /e489 (M + Xf . 



EXAMPLE 7 

55 



N-[1-D,L-Carboxy-3'(4-hydroxyphenyl)propyl]-L- 



histidyl-ff-(2-thienyl)-L-alanine 



N-[1-D,L-Caitx)xy-3-(4-hydroxyphenyl)propyl]-L- 
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hist?dyl-L-homophenylalanine 

Using the procedures of Example 6 (steps A-C) 
but substituting L -homophenylalanine for the 0-(2- 
thienyl)-L -alanine in Example 6 (step A) provided 
the title compound. 

p.m.r.: (D 2 0) 5:2.00 (m, 2H), 2.68 (m, 2H), 3.10 (m, 
2H), 3.72 (m, 1H), 3.84 (m, 1H). 4.12 (m, 1H), 6.88 
(d, 2H) f 7.22 (d, 2H), 7.28 (s, 5H), 8.20 (s ( 1H), 8.24 
ppm (s t 1 H); M.S. (FAB): m / e 495 (M + H)\ 



EXAMPLE 8 



N-[1-D t L-Carboxy-3-(4-hydroxyphenyl)propyl]-fl-(4- 
thiazoly I)- L-alany (-glycine 

Step A: [NM-Butoxycarbonyl-fl-(4-thiazolyl) alanyl]- 
glycine~t~butyl ester 

Dicyclohexyl carbodiimide (226mg) was added 
to a solution of 273mg of N°-t-butoxy carbon yl-£-(4- 
thiazolyl)-L -alanine and 132mg of glycine t- 
butylester~in 5ml of ethyl acetate at 0*C. The 
reaction solution was stirred at 0°C for 0.5 hour, 
then at ambient temperature for 18 hours. 4 drops 
of glacial acetic acid was then added to the reac- 
tion mixture and the mixture filtered. The filtrate 
was concentrated under vacuum to provide 426mg 
of the title compound as an oil. 



Step B: j3-(4-Thiazory))-L-alanyl glycine 

Using the procedure of Example 6 (step B) but 
substituting the dipeptide of Example 8 (step A) for 
the dipeptide of Example 6 (step A) provided the 
title compound. 



Step C: N-[1 -D,L-Carboxy-3-(4-hydroxyphenyl)- 
propylHH4-thiazolyl)-L-aianyl-glycine 

Using the procedure of Example 6 (step C) but 
substituting the dipeptide of Example 8 (step B) for 
the dipeptide of Example 6 (step B) provided the 
title compound. 

M.S.(FAB): m / e 408(M + H)\ 430(M + Na)\ 



EXAMPLE 9 



histidyl-L-phenylalanine hemiammonium, hemi- 
sodium salt — ~ 



L -Histidy!-L-phenylalanine (150mg) and 426mg 

5 of 4-(4~hydroxyphenyl)-2-oxobutanoic acid were 
partially dissolved in 3ml of water and 1 ml of 
acetonitrile. Concentrated aqueous sodium hydrox- 
ide solution was added to adjust the pH to 7.0 and 
30mg of sodium cyanoborohydride was added to 

w the clear solution. The mixture was stirred at am- 
bient temperature for 40 hours, then 5ml of Dowex 
50 resin (H cycle) was added. The mixture was 
stirred for 2 hours then applied to a 10ml Dowex 50 
resin column. The column was washed with 35ml 

75 of 3:1 water:acetonrtrile followed by 50ml of 75 
water:25 acetonitrile:10 concentrated aqueous am- 
monium hydroxide solution. The second eluate was 
concentrated under vacuum to provide 236mg of a 
white solid. This residue was dissolved in methanol 

20 and chromatography over LH-20 resin (methanol), 
followed by dilution with dilute aqueous ammonium 
hydroxide and freeze drying provided 206mg of the 
title compound as a white solid, 
p.m.r.: (D 2 0) 5:1.70 (m, 2H), 2.20 (m, 1H), 2.38 (m, 

25 1H), 2.75-3.05 (m, 5H), 3.20 (dd.lH), 3.28 (t, 1H), 
3.41 (t, 1H), 4.43 (m, 1H), 6.60 (d, 2H), 6.80 (d, 
1H), 6.97 (q, 2H), 7.15 (d, 1H), 7.2-7.4 (m, 4H), 7.62 
ppm (d. 1H). 

M.S.(FAB): m / e 481(M + H)\ 

30 

EXAMPLE 10 



35 

N-[1-D,L-Carboxy-3-(4-hydroxyphenyl)propyl]-L- 
histidyl-glycine ~~ 

The procedure of Example 9 was followed but 
40 L -histidyl glycine was substituted for L-histidyl-L- 
phenylalanine. The residue from the Dowex 50 
chromatography was dissolved in 10ml of 3% (v/v) 
pyridine in water and the solution concentrated 
under vaccuum to a 2ml volume. Methanol was 
45 added dropwise to this solution and the solid which 
formed was collected and dried under vacuum to 
provide the title compound. 

p.m.r.: (D 2 0) 5:1.72 (m, 2H), 2.23 (m, 2H). 2.85-3.08 
(pair of q, 2H). 3.09 <t,1H), 3.36 (s, 3H), 3.46 (q, 
50 1 H) f 3.75 (q, 1 H), 6.58 (d, 2H), 6.92 (d, 2H), 6.99 (s, 
1H), 7.68 ppm (s, 1H). 



EXAMPLE 11 

55 ~ 



N-[1-D, L-Carboxy-3-(4-hydroxyphenyl)propyl]-L- 



N-[l-D,L-Carboxy-3-(4-hydroxyphenyl)propylhL' 
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histidyl-L-glutamic acid, ammonium salt 

The procedure of Example 9 was followed but 
L -histidyl-L -glutamic acid was substituted for L - 
histidyl-L phenylalanine. /The residue from the 
Dowex 50 chromatography was dissolved in H 2 0 
and applied to a 10ml Dowex AGI (OH-cycle) col- 
umn. The column was washed with water then with 
3% (v/v) acetic acid in water. The second eluate 
was concentrated under vacuum to provide the title 
compound as a white solid. 
Anal. C.H.N.: Calc. C 48.93; H 6.45; N 13.59 
Found C 48.82; H 6.17; N 13.68 



EXAMPLE 12 



N-[1-D,L-Carboxy-3-(4-hydroxyphenyl)propyl]-L- 
histidyl-L-methionine Ammonium salt 

The procedure of Example 9 was followed but 
L-histidyl-L-methionine was substituted for L- 
histidyl-L-phenylalanine. The residue from the 
Dowex 50 chromatography was dissolved in H 2 0 
and HPLC chromatography (85 water:15 acetoni- 
trile:0.1 trifluoroacetic acid) provided the title com- 
pound as a white solid. 

p.m.r.: (D 2 0) *: 1.98 (m, 1H), 2.13 (d, 3H), 2.15- 
2.60 (m, 4H), 2.65-2.90 (m, 2H), 3.40-3.60 (m, 2H), 
3.89 (m, 1H), 4.34 (q, 1H), 4.53 (m, 1H), 6.94 (d, 
2H), 7.29 (d, 2H), 7.50 (d, 1H), 8.75 ppm (s, 1H). 



EXAMPLE 13 



N-tl-D^-Carboxy^^hydroxyphenyQpropyq-L- 
histidyl-L-tyrosine ~~ ~'~ 

The procedure of Example 9 was followed, but 
L -histidyl-L -tyrosine was substituted for L - 
histidyl-L -phenylalanine. Dowex 50 chromatog- 
raphy provided the title compound as a solid. Not 
purified further. 

p.m.r.: (D 2 0) 5: 1.80 (m, 2H), 2.46 (m, 2H), 2.80- 

3.10 (m, 5H), 3.20 (dd, 1H), 3.24 (t, 1H), 3.88 (t, 

1H), 4.40 (m, 1H), 6.65 (d, 2H), 6.80 (d, 2H). 7.04 

(q, 2H), 7.15 (d. 1H) 7.2-7.3 (m, 4H), 8.40 (s, 1H), 

8.44 ppm (s, 1H); 

M.S. (FAB): m / e 497(M + H)* . 

Anal. C,H,N: Calc. C 56.38; H 6.06; N 10.52 

Found C 56.78; H 5.70; N 10.12 



EXAMPLE 14 



N-[1-D,L-Carboxy-3-(4-hydroxyphenyl)pro pyl]-L- 
5 histidyl-L-alanine ~ "~ — — 

A solution of 113mg of L -histidyl-L -alanine 
and 486mg of 4-(4-hydroxyp~henyl)-2-oxbbutanoic 
acid in ethanol and water was basified to pH 7.2 

w with 0.1 N aqueous sodium hydroxide solution. So- 
dium cyano borohydride (158mg) was added and 
the reaction mixture was stirred at ambient tem- 
perature for 11 days. Dowex 50W-2X resin was 
then added and the mixture stirred 0.5 hours. The 

15 mixture was then applied to a Dowex 50W resin 
column and the column washed with water until the 
eluate was neutral, then with 5% (v/v) ethanol in 
water and finally with 3% (v/v) pyridime in water. 
The last eluate was concentrated under vacuum to 

20 provide the title compound as a white solid. 
M.S.(FAB): m / e 405(M + H)\ 

EXAMPLE 15 

25 



N-[1-D,L-Carboxy-3-(4-hydroxyphenyl)propyl]-L- 
histidyl-L-proline sodium salt 

30 "~~ *~ ^ 

Using the procedure of Example 14 but sub- 
stituting L -histidyl-L -proline for L -histidyl-L - 
alanine provided the title compound. ~ 
p.m.r.: (D 2 0) 5: 1.93 (m, 4H), 2.24 (m, 1H), 2.62 (m, 

35 2H), 3.21-3.40 (m, 4H), 3.54 (m, 1H), 4.00 (m, 1H), 
4.30 (m, 1H), 6.88 (d, 2H), 7.08 (d, 2H), 7.10-7.34 
(m, 4H), 8.40 ppm (s, 1H); 
M.S. (FAB)m/e431 (M+H + ), 453 (M + Na)\ 
Anal. C.H.N: Calc. C 51.48; H 6.13; N 11.44 

40 Found C 51.27; H 6.16; N 11.55 



EXAMPLE 16 

45 

N-[1-D,L-Carboxy-3-(4-hydroxyphenyl)propyl]-L- 
histidyl-L-tryptophane 

50 Using the procedure of Example 14, but sub- 

stituting L -histidyl-L-tryptophane hydrochloride for 
L -histidyT-L-alanine provided the title compound, 
p.m.r.: (r^O) h: 1.58 (m, 2H), 2.14 (m, 2H), 2.80- 
3.38 (m, 6H), 4.48 (m, 2H), 6.60 (t, 2H), 6.78 (s, 

55 1H), 6.86 (t, 2H), 6.90 (m, 4H), 7.45 (m, 4H), 8.55 
ppm (d, 1H); 

M.S. (FAB): m / e 520(M + X)\ 



19 



EP 0 412 595 A1 



20 



EXAMPLE 17 



N-[1-D,L-Carboxy-3-(4-hydrpxyphenyl)propyl]-L- 
histidyl-L-serine 

Using the procedure of Example 14, but sub- 
stituting L -histidyl-L -serine for L -histidyl-L -al- 
anine provided the title compound. 
M.S. (FAB):m/e421 (M + H)\ ■ 



EXAMPLE 18 



N-(1-DX-Carboxy-3-phenylpropyl)-L-histidyl-L- 
histidine 



A solution of 110mg of L -histidyl-L -histidine 
and 442mg of 4-phenyl-2-oxobutanoic acid was 
dissolved in 3ml of water and the mixture was 
adjusted to pH7 by addition of concentrated aque- 
ous sodium hydroxide solution. Sodium 
cyanoborohydride (50mg) was added to the solu- 
tion and the mixture was then stirred at ambient 
temperature for 16 hours. Dowex 50 resin (7ml) 
was added and the mixture stirred 2 hours at 
ambient temperature. The mixture was then added 
to a 15ml Dowex 50 column and the column 
washed with 50ml of 1:1 acetonitrile:water and 
100ml of water. The column was then eluted with 
3% (v/v) pyridine in water and this eluate con- 
centrated under vacuum to provide 144mg of the 
title compound as a white solid, 
p.m.r.: (D 2 0) 5: 1.96 (m, 2H) t 2.66 (m, 2H), 3.00- 
3.36 (m, 5H), 3.72 (t, 1H), 4.48 (m, 1H), 7.2-7.45 
(m, 8H), 8.35-8.50 ppm (m, 2H); 
M.S. (FAB): m / e 455(M + H)\ 



EXAMPLE 19 



N- (1-D,L-Carboxy-3-methylbutyl)-L-aspartyl-L- 
tyrosine 

A solution of 148mg of L -aspartyl-L -tyrosine 
and 380mg of 4-methyl-2-oxopentanoic acid so- 
dium salt in water and ethanol was adjusted to pH 
7 by addition of 0.1 M aqueous sodium hydroxide 
solution. Sodium cyanoborohydride (252mg) was 
added and the reaction mixture stirred seven days 
at ambient temperature. Dowex 50W-2X resin was 
then added and the mixture stirred overnight. The 
mixture was then applied to a Dowex SOW column 



and the column washed with hfeO until the eluent 
was neutral. The column was then eluted with 
300ml of 3% (v/v) pyridine in water. This eluate was 
concentrated under vacuum to provide 155.7mg of 

5 the title compound as a white fluffy solid. 

p.m.r.: (D 2 0) 5: 0.80 (d, 2H), 0.95 (d, 6H), 1.64 (m, 
4H), 2.95 (m, 4H), 3.21-3.38 (m, 4H), 4.18 (m, 2H), 
6.88 (d, 2H), 7.10 ppm (d. 2H); 
M.S.(FAB): m/e 411 (M + X)\ 

w ~~ 

EXAMPLE 20 . 



75 (N a -Carboxymethyl-L-histidyl)-L-leucyl-glycine 

Step A: (N a -t-Butoxycarbonyl-L-leucyl)glycine ben- 
zyTester 

20 

Using the procedure of Example 5 (step A) but 
substituting glycine benzyl ester hydrochloride for 
L -leucine benzyl ester p-tosylate and substituting 
NM-butoxycarbonyl-L -leucine N-hydroxysuc- 
25 cinimide ester for N a ~t-butoxycarbonyl-L-aspartic 0- 
benzyl-a-N-hydroxysuccinimide diester provided 
the title compound. 



30 Step B: (L-Leucyl)glycine benzyl ester 

A stirred solution of 1.29g of the ester from 
Example 20 (step A) in 3.5ml of methylene chloride 
was treated with 3.5ml of trifluoroacetic acid and 

35 the solution stirred 2.5 hours at ambient tempera- 
ture. The solution was then concentrated under a 
stream of nitrogen and the residue dissolved in 
methylene chloride/diethyl ether. Tbe solution was 
washed 2 times with saturated aqueous sodium 

40 carbonate solution and the organic phase was then 
dried with sodium sulfate and filtered. Concentra- 
tion under vacuum provided 919mg of the title 
compound- as a yellow oil. 

45 

Step C to Step R (N a -Carboxymethyl-L-histidylK- 
leucyl-glycine ~ 

The procedure of Example 1 (Step A to Step 
so D), but substituting the benzyl ester of Example 20 
(step B). for L-leucine benzyl ester, provided the 
title compound. 

p.m.r.: (DMSO-dg) 5: 0.83 (d,3H), 0.87 (d,3H), 1.4- 
1.6 (m.3H), 2.76 (dd.1H), 2.87 (dd.lH), 3.11 (d,1H), 
55 3.25 (d,1H), 3.41 (m,1H), 3.73 (d,2H), 4.34 (m.1H), 
6.88 (s,1H), 7.59 (s,1H), 8.17 (d,1H), 8.57 ppm (br. 
m, 1H); MS (FAB): m / e 384(M + X)V 
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EXAMPLE 21 



N c -Carboxy methyl- L-histidjne 

Step A: NM-Butoxycarbonyl-N im -2,4-dinitrophenyl- 
L-histidfne benzyl ester 

A mixture of 22q of NM-butoxycarbonyl-N ltn - 
2,4-dinitrophenyl-L-histidine monohydrate, 0.62ml 
of benzyl alcohol, 1.03g of N.N'-dicycIohexylcar- 
bodiimide and 1.53g of 1 -hydroxybenzotriazole in 
20ml of methylene chloride was stirred overnight at 
ambient temperature. The mixture was then filtered 
and the solid rinsed with methylene chloride: The 
filtrates were combined and concentrated under 
vacuum. Chromatography of the residue over silica 
gel (gradient 1% to 2% methanol in methylene 
chloride) provided 1.76g of the title compound. 

Step B to Step D: N a -Carboxymethyl-L-histidine 

Using the procedure of Example 1 (steps B to 
D), but substituting the histidine benzyl ester of 
Example 21 (step A) for the dipeptide of Example 1 
(step A) provided the title compound, 
p.m.r.: (D 2 0) 5: 3.35-3.55 (m,2H), 3.65, 3.76 (d f 
each 1H), 4.05 (m,1H), 7.46 (s,1H), 8.69 ppm 
(s,1H); MS (FAB) m / e 214(M + H)\ 



EXAMPLE 22 



N-[1-D,L-Carboxy-3-(4-hydroxyphenyl)propyl]-L- 
histidyhS-alanine sodium salt 

Using the procedure of Example 6 (step C) but 
substituting L -h»stidyl-0-alanine for the dipeptide of 
Example 6 (step B) provided the title compound. 
MS (FAB): m / e 405 (M + H)\ 
p.m.r.: (D 2 0) 5: 1.92 (t,2H), 2.24 (UH), 2.58 (t,2H), 
3.06 (t,2H), 3.32 (m,4H), 6.86 (d,2H), 7.16 (d,2H), 
8.14 (s.1H), 8.24 ppm (s,1H). 



EXAMPLE 23 



N-[1-D t L-Carboxy-2-(4-hydroxyphenyl)ethyl]-L> 
histidine 

Using the procedure of Example 6 (step C), but 
substituting L -histidine for the dipeptide of Exam- 



ple 6 (step B) and 3-(4-hydroxyphenyl)- 2-ox- 
opropanoic acid for 4-(4-hydroxyphenyl)-2-ox- 
obutanoic acid, provided the title compound. 
p.m.r.: (D 2 0) 6: 1.88 (d,2H), 2.25 (d,2H), 3.00 
5 (m,1H), 3.07 (m ( 1H), 3.15 (m,1H), 3.52 (t,1H), 6.87 
(d,2H), 6.97 (s, 1H), 7.17 (d,2H), 7.71 ppm (s,1H) 



EXAMPLE 24 

io . — - ~ — 



N q ->[1-L-Carboxy-2-(3-indolyl)ethyl>L-histidyl-L' 
glutamic acid bistrifluoroacetate 

75 

Using the procedure of Example 9, but sub- 
stituting L -histidyl-L -glutamic acid for L -histidyl-L 
-phenylalanine and substituting 3-(3-indo!yl)-2-ox~ 
opropanoic acid for 4-(4-hydroxyphenyl)-2-ox- 
20 obutanoic acid, provided a mixture of dia- 
stereomeric peptides which were resolved by 
HPLC chromatography to provide the title com- 
pound. 

p.m.r.: (D 2 0) S: 1.90 (m.1H). 2.10 (m.1H), 2.42 
25 (t,2H). 3.3-3.5 (m,3H), 3.62 (dd,1H), 4.12 (UH), 
4.19 (m.2H), 7.20 (s,1H), 7.30 (UH), 7.39 (m.3H). 
7.57 (s,1 H), 7.64 (d,1 H). 7.77 ppm (d,1 H). 



30 EXAMPLE 25 



N-[1-D,L-Carboxy-3-(4-hydroxyphenyl)propyl]-L- 
35 histidyl-L-phenylalaninamide 

Using the procedure of Example 6, but sub- 
stituting phenylalaninamide for £-(2-thienyl)-L-a1- 
anine, provided the title compound. 
40 p.m.r.: (CD 3 OD) 5: 1.8-2.0 (m,2H), 2.4-2.6 (m,2H), 
2.9-3.2 (m,5H), 3.65-3.8 (m,1H), 4.65-4.75 (m,1H), 
6.72 (d,2H), 6.96-7.05 (m,4H), 7.27 (m,5H), 7.48 
(m,1H), 7.85-8.05 (m,2H), 8.55 ppm (dd.1H). 

45 

EXAMPLE 26 



so N a -Carboxymethyl-L-histidyl)-L-phenylalanine 

Using the procedure of Example 1, but sub- 
stituting L -phenylalanine benzyl ester for L - 
leucine benzyl ester, provided the title compound 
55 as an off-white powder. 

p.m.r.: (DMSO-d 6 ) 6: 2.60 (ddJH), 2.74 (dd, 1H), 
2.85-3.15 (m,4H), 3.28 (m.1H), 4.45 (m,1H), 6.84 
(S.1H), 7.1-7.3 (m.5H), 7.65 (s,1H), 8.21 ppm 
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(d,1H); MS (FAB): m /e 361 (M + H)\ 



EXAMPLE 27 



(N a -Carboxymethyl-L-tryptophyl)-L>leucine 

The procedure of Example 1 (steps A,B, and 
D) was employed but N°-t-butoxycarbonyl«L -tryp- 
tophan N-hydroxysuccinimide ester was reacted 
with L -leucine benzyl ester in the absence of N,n'~ 
dicyclohexyl-carbodiimide and 1 -hydroxyben- 
zotriazole in step A. This provided the title com- 
pound as an off-white powder, 
p.m.r.: (DMSO-ds) 6: 0.80 (d.3H), 0.86 (d,3H), 1.49 
(m,3H), 2.91 (dd,1H), 3.07 (d superimposed on 
m ( 2H), 3.25 (d,1H), 3.49 (m,1H), 4.23 (m,1H), 6.87 
(t,1H), 7.06 (t.1H), 7.20 (s,1H), 7.33 (d,1H), 7.55 
(d,1H), 8.14 ppm (d.1H); MS (FAB): m / e 376 
(M + H)*. 



EXAMPLE 28 



(N^-Carboxymethyl-L-histidylH-aspartic 

Using the procedure of Example 1, but sub- 
stituting L -aspartic acid dibenzyl ester for L - 
leucine benzyl ester provided the title compound 
as a white powder. 

p.m.r.: (DMSO-d & ) 5: 2.54 (dd,1H), 2.67 (dd,1H), 
2.76 (dd,1H). 2.89 (dd,1H), 3.13 (d,1H), 3.31 (d,1H), 
3.39 (m,1H), 4.44 (m,1H), 7.02 (s.1H), 7.92 (s,1H), 
8.28 ppm (d,1H); MS (FAB): m / e 326 (M + H)\ 



EXAMPLE 29 



N g -Carboxymethyl-L-histidyl)-L-leucinamide 

Using the procedure of Example 1, but sub- 
stituting L -leucinamide for L -leucine benzyl ester, 
providedlhe title compound~as a white solid, 
p.m.r.: (DMSOd 6 ) 6: 0.83 (d,3H), 0.86 (d,3H), 1.47 
(m,3H), 2.6-3.5 (m,5H), 4.24 (m,1H), 6.83 (s,1H), 
7.52 ppm (s,1H); MS (FAB): m / e 326 (M + H)\ 



EXAMPLE 30 



N°-Carboxymethyl-L-aspartyl)-glycine 

Using the procedure of Example 5, but sub- 
stituting glycine benzyl ester for L -leucine benzyl 
5 ester, provided the title compound"as a white solid, 
p.m.r.: (DMSO-d 6 ) 5: 3.1-3.6 (m.6H), 3.76 (m,1H), 
8.36 ppm (m,1H); MS (FAB): m / e 249 (M + H)\ 



10 EXAMPLE 31 



N a -Carboxymethyl-D-histidyl)-D-leucine 

75 ™ 

Using the procedure of Example 3, but sub- 
stituting NM-butoxycarbonyl-N im -2,4-dinrtrophenyl- 
D -histidine for the corresponding protected L - 
histidine, provided the title compound as a white 
20 solid. 

p.m.r.: (DMSO-d 6 ) 5: 0.83 (d.3H), 0.88 (d.3H), 1.52 
(m,3H). 2.73 (dd,1H), 2.86 (dd,1H), 3.11 (d,1H), 
3.28 (d,1H), 3.39 (m,1H), 4.23 (m,1H), 6.89 (s,1H), 
7.64 (s.1H), 8.18 ppm (d,1H); MS (FAB): m / e 327 
25 (M + H)\ 



EXAMPLE 32 

30 

(N°-Carboxymethyl-D-histidyi)glycine 

Using the procedure of Example 4, but sub- 
35 stituting NM-butoxycarbonyl-N im -(2,4- 
dinitrophenyl)-D -histidine for the protected L -his- 
tidine, provided" the title compound as a white solid; 
pmr.: (DMSO-d e ) 5: 2.73 (dd,1H), 2.88 (dd,lH), 
3.12 (d,1H), 3.31 (d,1H), 3.38 (m. 1H), 3.74 (m,1H), 
40 6.92 (s,1H), 7.68 (s,1H), 8.32 ppm (m,1H); MS 
(FAB):m/e271 (M + H) . 



EXAMPLE 33 

45 ~ - ~ 



(N a -Carboxymethyl-L-histidyl)cycloleucine 

50 Using the procedure of Example 1, but sub- 

stituting cycloleucine benzyl ester [P. Tailleur and 
L Berlinguet. Can. J. Cherri ., 39, 1309 (1961)] for 
L -leucine benzyl ester, provided the title com- 
pound as a white solid. 

55 p.m.r.: (DMSO-de) 5: 1.59 (m,4H), 1.83 (m,2H), 2.02 
(m,2H), 2.73 (dd,1H), 2.81 (dd,1H), 3.10 (d,1H), 

3.22 (d,1H), 3.40 (t,1H), 6.88 (s,1H), 7.63 (S.1H), 

8.23 ppm (s,1H); MS (FAB): m / e 325 (M + H)\ 
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EXAMPLE 34 



(N a -Carboxymethyl-L-histidine methyl ester 

The procedure of Example 1 (Step B, C, D) 
was employed, but N' m -(2,4-dinitrophenyl)-L -his- 
tidine methyl ester was substituted for the In situ 
generated N im -(2,4-dinitrophenyl)-L -htstidyi^L - • 
leucine dibenzyl ester in Step B" (reaction with 
benzyl bromoacetate). 

The product from that step was then employed 
in the procedure of Example 1 (steps C and D) to 
provide the title compound as a white solid, 
p.m.r.: (DMSO-de) 5: 2.88 (m,2H), 3.1-3.4 (m,3H), 
3.60 (s,3H), 6.78 <s.1H), 7.53 ppm (s,1H); MS 
(FAB):m/e228 (M + H)\ 



Claims 

1 . A peptide having the formula: 




C0 2 R* 

R 2 — (AA,) n -N— ^-H 



wherein: 

AAi is histidine, aspartic acid or any of the enan- 
tiomorphic forms thereof; 
FT is: 

a) hydrogen; 

b) C 2 -Cg alkenyl; 

c) C 2 -Ce alkynyl; 

d) C 3 -C 7 cycloalkyl; 

e) C5-C7 cycloalkenyl; 

f) phenyl; 

g) monocyclic heteroaromatic ring system; 

h) aromatic polycyclic or heteroaromatic 
.polycyclic ring system; 

i) Ci-Cs alkyl; 

j) a group f)-i), above, monosubstituted by: 
OH, OCH3, NH 2 , SCH3, C1-4 alkyl, C0 2 H or 
CN; 

k) C1-C* alkyl monosubstituted by b)-j) 
hereinabove; 
R 2 and R 3 are independently: 
I) hydrogen; 
m) C2-C6 alkenyl; 
n) C2-C9 alkynyl; 
o) C3-C7 cycloalkyl; 
p) C5-C7 cycloalkenyl; 
q) phenyl; 

r) monocyclic heteroaromatic ring system; 



s) aromatic polycyclic or hetero-aromatic 
polycyclic ring system; 
t) C,-C 6 alkyl 

u) a group q)-t), above, monosubstituted by: 
5 OH, OCH 3 , NH 2 , SCH 3 , C1-4 alkyl, C0 2 H or 

CN; 

v) C1-C4 alkyl monosubstituted by rn)-u) 
hereinabove; 

w) R 2 and R 3 combined to form a C3-C5 
10 diradical; 

R* is H, C3-C7 cycloalkyl, Ci-C 6 alkyl or C1-C4 

alkyl substituted by one of these substituents; 

R 5 is: CO2R*, CH2CO2R*, P0 3 R*, 

CONHCH 2 C0 2 R 4 or CONhfe; 
;s R 6 is: H. CH 3 or R 1 and R 6 are combined to 

form a Q>-C4 diradical; n is 0 or 1. 

2. A peptide of Claim 1 wherein: 

AA1 is histidine or the enantiomorphic form thereof; 
R 1 is: 

20 x) hydrogen; 

y) C1-C5 alkyl; 
z) phenyl; 

aa) a group y) or 2) monosubstituted by: OH, 
OCH3, NH 2 , SCH 3 . Ct-C* alkyl. C0 2 H or CN; 
25 bb) C1-C4 alkyl monosubstituted by y)-aa) 

hereinabove; 
R 2 and R 3 are independently: 
cc) hydrogen; 
dd) phenyl; 

30 ee) monocyclic heteroaromatic ring system; 

ff) aromatic polycyclic or hetero-aromatic 
polycyclic ring system; 
gg) C,-C 6 alkyl; 

hh) a group dd)-gg) above, monosubstituted 
as by: OH, OCH3, NH 2 , SCH 3 , C1-4 alkyl, C0 2 H 

or CN; 

ii) C1-C4 alkyl monosubstituted by dd)-nh) 
above; 

R* is hydrogen or methyl, R 5 is C0 2 H or P0 3 H 
40 and R 6 is hydrogen, methyl or R G and R 1 are 
combined to form a C2-C4 alkyl diradical; n is 1. 

3. A peptide of Claim 2 wherein: 
AA1 is L -histidine; 

R 1 is: 

45 ij) hydrogen; 

kk)Ci-C G alkyl; 

II) a group kk) monosubstituted by: OH, 
OCH3, NH 2> SCHs, C1-C4 
R 2 is: 

so mm) hydrogen; 

nn) phenyl; 

00) a group nn) monosubstituted by: OH. 
OCH3, NH 2 , SCH 3| C1-C4 alkyl, C0 2 H or CN: 
pp) Ci-C* alkyl monosubstituted by nn) or 
55 00) hereinabove; 

R 4 and R 6 are independently hydrogen or meth- 
yl or R 1 and R 6 are combined to form a C 2 -C* 
diradical. 
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4. An antiviral pharmaceutical composition compris- 
ing an effective amount of a compound of Claim 1 
and a pharmaceutical^ acceptable carrier. 

5. The use of a compound of Claim 1 for the 
preparation of a medicament useful for treating 5 
virus infections in mammals. 

6. The use of a compound of Claim 1 in combina- 
tion with another antiviral acyclonucleoside or re- 
lated compound for the preparation of a medica- 
ment useful for treating virus infections in mam- to 
mals. 
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